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RATIONALIZATION AND SIMPLIFICATION OF TEST RE- 
QUIREMENTS FOR LIQUID ASPHALTIC MATERIALS 
By E. F. KELLEY, Chief Division of Tests, U. S. Bureau of Public Roads, and PREVOST HUBBARD, Chemical Engineer, The Asphalt Institute. 

HE PURPOSE of test requirementsin specifications 
is toinsure that materials furnished to meet the spec- 
ifications will be suitable for the use for which they 

are intended. The value of test requirements is meas- 
ured by the extent to which they fulfill this purpose. 

Test requirements may be of two types—first, those 
which describe the properties or characteristics of a 
product which it is essential that it possess if it is to be 
suitable for a given purpose and, second, those of a 
restrictive nature which define characteristics which | 
may or may not be inherent in a suitable product, 
and the presence or absence of which has no measurable 
influence on satisfactory performance. 

It is evident that, so far as possible, tests of the first 
type only should be used in specifications. However, 
the selection of such tests is not always a simple 
matter because of the lack of sufficient data, and the 
situation is frequently complicated by the difficulty of 
eliminating tests of the second class. The latter serve 
no useful purpose and such prestige as they may enjoy 
is undeserved, but before they can be discarded it is 
commonly necessary to overcome the inertia due to 
years of unquestioned acceptance. 

Unfortunately, many of the common test require- 
ments for road materials are of the second class. 
of obscure origin and possibly developed originally for 
a purpose foreign to their present use, they retain their 
place in specifications, sometimes for lack of adequate 
substitutes and sometimes because of established prece- 
dent. This is particularly true of the specifications for 
that class of road materials known as liquid asphaltic 
products, of which enormous quantities are now used 
in the construction and maintenance of low-cost roads. 
Many of the tests which are used at present in specifica- 
tions for these materials have been handed down from 
specifications for bituminous materials of an entirely 
different class, often semi-solid in character, which were 
never intended to be used for the same purposes as those 
to which liquid asphaltic products commonly are put in 
highway work to-day. 

In any attempt to rationalize specifications each indi- 
vidual test must be carefully scrutinized to ascertain its 
actual value. What does the property defined by the 
test signify in connection with the use to which the mate- 
rialis to be put and how can this property be adequately 
controlled by use of the test? If satisfactory answers to 
these two questions can not be formulated, the test has 
no place in a specification. Many of the tests now in 
common use will fail when subjected to this scrutiny. 

In addition to the need for selecting the tests for 
liquid bituminous materials on a rational basis, there 
has been an equally urgent need to simplify the test 
requirements in current use. 

The lack of agreement among the various State high- 
way departments with respect to tests and methods of 
testing has created a condition which has been little 
short ‘of chaotic. It is unnecessary to go into details 
here as this has already been done.’ It is sufficient to 

1 Cooperative Research and Standardization of Low Cost Road Improvement, by 
Prevost Hubbard, Eighth Annual Asphalt Paving Conference, 1929. Simplified 
Specifications for Liquid Asphaltic Materials, by E. F. Kelley, Ninth Annual 
Asphalt Paving Conference, 1939. Cooperative Simplification of Tests and Specifi- 
cations of Liquid Asphaltic Materials, by J. T. Pauls, Association of Asphalt Paving 
Technologists, January, 1932. 
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state that a survey in 1930 of State highway depart- 
ment specifications for liquid asphaltic products showed 
that there were in use, including all variations, a total 
of 119 different tests. As the practice of the different 
States in specifying such products varied greatly with 
respect to the selection of tests required, it was too often 
impossible to compare the specifications of two States 
in order to ascertain whether they were using practically 
the same or entirely different materials for the same 
type of work. 

In addition to the complications entailed by the 
practice of specifying different tests or combinations of 
tests to define the characteristics of materials of essen- 
tially similar character, there also has been no general 
agreement regarding the test results, or test limits, 
which should be incorporated in specifications. The 
net effect of the non-uniform practice with respect to 
the requirements for both tests and test results has 
been the establishment of an unduly large number of 
erades of material. This has placed on manufacturers 
the burden either of carrying a large stock of different 
grades or of being prepared to manufacture, on short 
notice, materials to meet the wide variations required 
by the specifications of the different states. Naturally, 
this has resulted in increased expense which ultimately 
has been charged to the consumer, 

The disadvantages of the existing situation were 
manifest to all concerned and as a result there was in- 
augurated a cooperative undertaking designed both to 
simplify and to rationalize specifications for liquid 
asphaltic materials. This cooperation involved the 
highway departments of the various States, the asphalt 
industry as represented by the Asphalt Institute, and 
the Bureau of Public Roads. 

STATES GROUPED BY REGIONS FOR PURPOSES OF STUDY 

For convenience in carrying on the cooperative pro- 
gram the States were divided into five groups or regions, 
the division being made largely on the basis of the 
territory served by the principal groups of producers. 
The States in each region are as follows 

Region No.1 —Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island, Connecticut, New York. 

Region No. 2.—New Jersey, Pennsylvania, Delaware, 
Maryland, Ohio, West Virginia, Virginia, North Caro- 
lina, South Carolina, Georgia, Florida. 

Region No. 3.—Michigan, Indiana, Illinois, Wiscon- 
sin, Minnesota, Iowa, Missouri, Nebraska, Kansas, 
Oklahoma. 

Region No. 4.—Kentucky, Tennessee, Alabama, 
Mississippi, Arkansas, Louisiana, Texas. 

Region No. 8. North Dakota, South Dakota, Mon- 
tana, Wyoming, Colorado, New “Mexico, Idaho, Utah, 
Arizona, Nevada, Washington, Oregon, California. 

As a preliminary to the cooperative simplification 
work it was first necessary to establish a basis for the 
comparison of the great variety of requirements in cur- 
rent use. Without such a basis of comparison there is 
no adequate means for establishing the value of present 
and proposed tests nor for comparing the specifications 
of one State with those of another, even for materials 
which may be essentially the same. 

89 
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SIMPLIFIED SCHEME OF ANALYSIS ADOPTED 

To furnish this basis of comparison a definite test 
procedure for the examination of all liquid asphaltic 
products was proposed. This procedure, known as 
the simplified scheme of analysis, was designed to 
reduce the required number of tests for any product to 
a minimum and the attempt was made to select the 
tests on a rational basis so that, by proper selection, 
they would define the essential characteristics of all 
materials of this general class. ) 

Meetings, which were attended by representatives 
of the cooperating agencies, were held in the five 
regions early in 1931 for the purpose of considering the 
proposed simplified scheme of analysis and to formulate a 
program for the future conduct of the cooperative work. 

As a result of these meetings the scheme of analysis 
was modified in some of its details and adopted for use 
in the investigation, for which a program was drawn 
up. This investigation was for the two-fold purpose 
of studying the adequacy of the scheme of analysis 
and developing data which would permit a comparison 
of different specifications and the materials furnished 
to meet them. The program provided: 

(a) That the producers should submit to the State 
highway departments samples of their products which 
would meet State specifications in which they were 
interested commercially. ‘Two samples, varying as 
much inconsistency as possible while still complying with 
all specification requirements, were to be submitted. 

(6) That each sample should be tested, by the 
producer and by the department to which it was 
submitted, in accordance with the requirements of the 
State specifications and also in accordance with the 
approved scheme of analysis. 

(c) That each State highway department should 
test, both according to the approved scheme and for 
compliance with its own specifications, a sufficient 
number of deliveries of materials purchased for use to 
cover the range in characteristics likely to occur in 
each type of material. 

The cooperative work contemplated in this program 
was begun immediately after the regional meetings 
and was actively prosecuted until its completion late 
in the year 1931. In connection with this work the 
producers submitted to the State highway departments 
1,154 samples of liquid asphaltic road materials. These 
samples were furnished by 27 producing companies 
from 47 refineries. In some cases a particular product 
complied with the requirements of several States so 
that with respect to the number of different materials 
there were some duplications. Eliminating such dup- 
lications, the samples submitted represented 715 
different products produced to meet approximately 
200 State specifications for all grades of liquid asphaltic 
materials used throughout the United States. The 
samples were all tested by the producers prior to ship- 
ment and a large percentage of them were tested by the 
highway departments to which they were sent. Thus, 
in addition to the basic data which were desired, there 
were made available a great number of check tests on 
duplicate samples of the same material and, in the 
cases of the duplication of materials mentioned above, 
check tests on the same materials by several laboratories. 
In addition to the tests made on samples furnished by 
producers, the State highway departments reported 
tests on 361 shipments of materials purchased for use. 

The cooperative program provided that the producers 
should furnish to the Bureau of Public Roads, for such 
tests as might be considered necessary, duplicates of 
all samples of materials sent to the State highway 
departments. It also provided that copies of all test 
results should be sent to the bureau by the producers 
and by the States. 

These duplicate samples were received by the 
bureau but were not tested. The samples will be 
retained for a reasonable period for possible use in 
connection with questions which may arise later. 

The test reports were received by the bureau from 
time to time during the summer and fall of 1931. 
Late in the year, as the testing work neared comple- 
tion, all of the data which they contained were placed 
in tabular form and distributed for the information 
of the cooperating agencies. The data contained in 
these tabulations give additional emphasis to the need 
for rationalization and simplification of the specifica- 
tion test requirements. 

CLASSIFICATION OF MATERIALS BASED ON VISCOSITY AND DISTIL- 
LATION TESTS 

The simplified scheme of analysis which has been 
followed in the cooperative work embodies two tests 
which are considered to be of major importance. 
These are the viscosity test and the distillation test. 
The viscosity test is made with the Saybolt-Furol 
viscosimeter at one of three selected temperatures, 
depending upon the character of the material and its 
intended use. The distillation test is included in the 
scheme of analysis to take the place of tests for deter- 
mination of asphalt content and loss by volatilization 
at different temperatures. The residue from the 
distillation test is subjected to tests for consistency 
and solubility in carbon disulphide, replacing similar 
tests frequently made on original materials or on 
residues from the volatilization and asphalt content 
tests. 

In tabulating the data obtained in the cooperative 
tests, the materials were classified as to type on the 
basis of these two important tests. 

The materials were first divided into three classes, 
depending upon the consistency of the residue from the 
distillation test, as follows: 

1. Liquid residue (float test less than 25 seconds at 
122° F.) 

2. Float residue (float test more than 25 seconds at 
122° F. and penetration more than 300 at 77° F.). 

3. Penetration residue (penetration less than 300 
SSR iy a igeed abe) 

Each of these classes was further subdivided on the 
basis of viscosity, as follows: 

A. Viscosity, Furol, determined at 77° F. 
B. Viscosity, Furol, determined at 122° F. 
C. Viscosity, Furol, determined at 210° F. 
The nine types of material which result from this 

classification are shown in the following table: 

Viscosity, Furol, at— 

Character of residue 

Vo Resta gacess | 210° FF: 

Us AGU as cee a See ne eee ee ae) oe 1-A 1-B 1-C 
Bb 1 OSt2 Sas oe a ee ee ee ae ea ees 2-A 2-B 2-C 
SPP ODetration: < Reels. oe eS eres eee ee 3-A 3-B 3-C 

ek 
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It is evident that materials of types 1—-A, 1—B, and 
1-C are of the nonhardening or extremely slowly 
hardening variety and, irrespective of their original 
viscosities, could not be expected to develop an asphalt 
cement in place in a road surface. Materials of types 
2—-A, 2—B, and 2-C yield a distillation residue too soft 
for a penetration test, but sufficiently viscous for a 
float test and therefore would be classed as slowly 
hardening products whose consistency might increase 
materially after application, but which could not be 
expected to develop an asphalt cement in place. Mate- 
rials of types 3—A, 3—B, and 3-C, yielding a distillation 
residue sufficiently hard for a penetration test, would 
be classed as products which will eventually develop 
an asphalt cement in place, the rapidity of hardening 
being indicated by the results of the distillation test. 
A study of the tabulated data, which included also 

State specification requirements for the various mate- 
rials, showed clearly that many specifications in com- 
mon use do not make the important distinctions of the 
above classification. In a number of cases several 
materials of entirely different type were found to meet 
all the requirements of a given specification. For 
instance, it was found that certain materials of types 
1—A, 2—A, and 3—A were submitted to meet the require- 
ments of a specification for a certain material desig- 
nated as 45 per cent asphaltic oil. The essential re- 
quirement of this specification was that the material 
should contain between 45 and 55 per cent of residue 
of 100 penetration. The three distinct types met this 
specification except that the material of type 3-A had 
an asphalt content slightly above the maximum speci- 
fied. The specification failed so far in defining impor- 
tant characteristics, that materials which developed 
liquid residues, float residues, and possibly penetration 
residues in the distillation test could all comply with 
its requirements. 

The tabulated data with respect to specifications 
showed clearly the necessity for discarding many tests 
in current use if any simplification is to be effected. 
As an example, in one region the 51 specifications for 
liquid asphaltic products required a total of 44 different 
tests. 

Early in 1932 a second series of regional meetings 
was held to consider the data which had been developed 
by the cooperative tests and to obtain an expression 
from the States on the adoption of the proposed sim- 
plified scheme of analysis for use in future specifications 
and the elimination of other tests which might be con- 
sidered unnecessary. 

The proposed scheme of analysis has been modified 
slightly with respect to certain details in the method of 
making the distillation test, and the test for solubility 
in naphtha, which had been added to the original 
scheme in the first series of regional meetings, was 
eliminated by the majority of the States represented at 
the second series of meetings. Aside from these changes 
the simplified scheme of analysis, as considered at the 
second series of regional meetings, 1s substantially the 
same as the scheme in its present recommended form, 
which is given in the following paragraphs. 

RECOMMENDED SIMPLIFIED SCHEME OF ANALYSIS FOR USE IN 
SPECIFICATIONS FOR LIQUID ASPHALTIC ROAD MATERIALS 

1. Flash point: : 
a. Cleveland open cup for materials having a flash point 

of 175° F. or more. A. S. T. M. standard method 
D 92-24, 

b. Tagliabue open cup ? for materials having a flash point 
of less than 175° F. Method approved by the Bu- 
reau of Explosives, 30 Vesey Street, New York City, 
and by the Interstate Commerce Commission (Regu- 
lations for Transportation of Explosives, etc., par. 
227). 

2. Consistency: 
A. Viscosity, Furol, A. 8S. T. M. standard method D 88-30. 

a. At 77° F. for dust layers, primers, and all prod- 
ucts which are applied without warming. 

b. At 122° F. for all products, including cut-backs, 
which are warmed slightly before application. 

c. At 210° F. for all highly viscous products which 
must be heated to approximately 200° F. or 
above before application and which have a 
viscosity of less than 300 seconds at this 
temperature. 

B. Float test at 122° F. on materials having a viscosity, 
Furol, of more than 300 seconds at 210° F. A.S. T. 
M. standard method D 139-27. 

3. Distillation—for all products: 
Total distillate, by volume, at the following tempera- 

tures: 437° F., 600° F., 680° F. 
A.S. T. M. standard method D 20-30 with the follow- 

ing modifications: 
Sample distilled shall be 200 cubic centimeters, the 

weight of this volume to be calculated from the specific 
gravity at 60° F. 

Bulb of thermometer shall be immersed to a point one- 
fourth inch above bottom of flask. 

Condenser shall be water cooled. 
Distillate shall be collected in 100-cubic-centimeter 

graduated glass cylinders and the amount of distillate 
shall be reported in percentages by volume of water-free 
material. 

Distillation shall be stopped at 680 °F. and the amount 
of distillate read to the nearest cubic centimeter after the 
condenser has been allowed to drain thoroughly into the 
receiver. The total residue shall then be poured immedi- 
ately into an 8-ounce tin and allowed to air cool without 
covering to a temperature below its fuming point suitable 
for pouring. It shall then be stirred and poured into 
proper receptacles for additional tests. 

Temperatures observed in the distillation test shall be 
corrected for the effect of the altitude of the laboratory 
in which the test is made. (See A. S. T. M. standard 
method D 86-30.) 

4. Tests on residue from distillation: 
a. Float test at 122° F. on all residues having a float of 

more than 25 seconds at this temperature and hav- 
ing a penetration of more than 300 at 77° F. (100 
grams, 5 seconds.) A.S. T. M. standard method D 
139-27. 

b Penetration at 77° F. on all residues of less than 300 
penetration (100 grams, 5 seconds). A. S. T. M. 
standard method D 5-25. 

c. Ductility at 77° F. on all residues of less than 200 
penetration at 77° F. (100 grams, 5 seconds). A. S. 
T. M. tentative method D 113-26T. 

d. Solubility in carbon disulphide—all residues. A. S. T. 
M. standard method D 4-27. 

2 Method of test for flash point with Tagliabue open cup: The Tagliabue open cup 
flash tester shall be used. ‘The instrument shall set firm and level. 

Fill the metal bath cup with water having a temperature at least 20° F. below the 
probable flash point of the oil to be tested, leaving room for displacement by the glass 
oil cup, which is then placed in the bath. 

Fill the glass oil cup with the oil to be tested to within five-sixteenths inch of its 
upper level edge. See that there is no oil on the outside of the cup, or upon its upper 
level edge, using soft paper to clean the cup. 

Adjust the horizontal flashing-taper guide-wire in place. Suspend the thermome- 
ter, with its bulb well covered by the oil. Heat bath with small flame lamp having 
the flame so adjusted that it will raise the temperature of the oil at a rate of 214° F, 
per minute, without removing the lamp during the whole operation. 

For viscous liquids it is necessary that the liquid be stirred at intervals during the 
test. 
Remove air bubbles, if any, from the surface of the oil before first trial for flash is 

made. 
At the proper trial temperatures, noted below, try for flash with a small bead of 

flame (not over one-eighth inch) by drawing it quickly and without pause across the 
guide wire from left to right. 
The temperature at which the first or initial flash is obtained is called the flash 

point. 
Trial temperatures: For materials which may be expected to flash at about 80° F., 

try for flash at 70° F., then at.75°, 77°, 79°, 81°, 83°, and 85°. For other materials 
try for flash first at a temperature about 20° F. below the expected flash point and then 
try for flash at every 5° F. 
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MUCH PROGRESS MADE AT REGIONAL MEETINGS 

The discussions which took place at the second series 
of regional meetings related entirely to the adoption or 
elimination of test requirements and no attempt was 
made to set up test limits for specification purposes. 
The action taken at the meetings was quite informal in 
the sense that the acceptance or rejection of a test by 
a State was considered to represent the intent of that 
particular State with respect to its own specifications 
and the action of a majority was not considered as 
binding on the minority. 

The important accomplishments of these meetings, 
which were attended by representatives of 30 of the 48 
State highway departments, are summarized as follows: 

The adoption of the tests for flash point, as given in 
the simplified scheme, was practically unanimous, as 
was also the adoption of the Saybolt-Furol viscosity 
test to replace the Engler test. With few exceptions 
it was agreed that the temperatures at which viscosity 
determinations would be made would be 77 ia SS 
F., and 210° F. It was also generally agreed that the 
float test at 122° F. would be used for materials having 
a viscosity, Furol, of more than 300 seconds at 210° F. 

With two exceptions, the distillation test as described 
was adopted for cut-back materials by all the States 
represented, but the majority were not prepared at 
present to extend its use to materials other than cut- 
backs. A number announced the intention of making 
a further study of its suitability for the materials not 
classed as cut-backs. Discussion of this question led 
the representatives of the States in region No. 3 to 
define cut-backs as follows: Cut-back asphalt is a 
liquid asphaltic product which, when distilled to 680° 
F., yields a residue of less than 300 penetration at 77° F. 

Tt was generally agreed that the end point of the 
distillation test should be 680° F. and that the volume 
of distillate should also be determined at 437° F. and 
600° F. One region agreed to use no other tempera- 
tures. One region added another cut at 374° F:; 
another made the use of this temperature optional; 
and the other two regions added to it the tempera- 
tures of 302° F., 320° F., and 500° F., with the general 
agreement that not more than four temperatures in 
addition to that of 680° F. would be used in any one 
specification. 

The agreement to adopt the proposed tests of 
residues from the distillation test was practically 
unanimous. 

With respect to the elimination of tests not included 
in the simplified scheme of analysis, there was less 
unanimity of opinion than in the case of the tests in- 
cluded in the scheme, but, in spite of this, considerable 
progress was made. 

As has been noted, the agreement to replace the Engler 
with the Saybolt- Furol viscosimeter was practically 
unanimous and only a small minority expressed the 
intention of retaining the test for insolubility in 
naphtha. However, a large majority favored the re- 
tention of the test for the determination of asphalt 
content, particularly for materials other than cut-backs, 
until such time as it is more definitely established that 
the tests in the simplified scheme are adequate to 
replace it. A large number of those who favored the 
continued use of the asphalt content test also favored a 
ductility test on the residue. 

About half the States represented at these meetings 
will continue to use the Bee er test (loss on heat- 
ing for five hours at 325° F.) for the time being, at 
least, although of these cee half will use it only for 

materials other than cut-backs. The States retaining 
the volatilization test generally will retain also pene- 
tration or float tests on the residues from volatilization. 

The volatilization test at 212° F., which has been 
used to a limited extent in the past, was rejected with 
only one dissenting vote. The elimination of the test 
for fixed carbon was also practically unanimous. 

The test for the determination of paraffine scale, 
concerning which there has been much discussion during 
the past few years, particularly in the States of region 
No. 5, received, in the various meetings, only one vote 
for its retention. It is known, however, that at least 
one other State, which was not represented at the 
meetings, will continue to use the test in spite of its 
questionable accuracy and problematical value. 

The test for solubility of original materials in carbon 
tetrachloride will not be continued to any extent except 
in one region. 

The vote for the elimination of specific-gravity de- 
terminations on original materials and distillates and 
float tests on original materials at 77° F. and 90° F. 
was so nearly unanimous that their continued use will 
be practically neghgible. 

This summary of accomplishment evidences a truly 
encouraging progress in the simplification program, 
particularly when one considers the relatively short 
time during which the cooperative effort has been 
carried on. However, much remains to be accomplished 
before the program can be brought to a satisfactory 
working basis. Misunderstandings and misconcep- 
tions must be cleared up and a more complete know- 
ledge and understanding of many details must be 
obtained. Asan aid in this direction it is believed that a 
discussion of the logic of the proposed simplified scheme 
of testing and a critical analysis of other tests still in 
common use in certain regions will be of service. 

ESSENTIAL PROPERTIES TO BE DEFINED IN SPECIFICATIONS FOR 
LIQUID ASPHALTIC PRODUCTS 

Without regard to the individual tests which may be 
used for the purpose, it seems important to specify cer- 
tain fundamental properties of liquid asphaltic products, 
depending upon their method of use and the purpose 
which they are expected to serve. Of these, the most 
important appear to be: 

1. Original consistency. 
2. Ultimate consistency as representing the material 

developed after application. 
3. Relative rapidity of the change, if any, from origi- 

nal consistency. 
4. Amount and character of active bitumen remaining 

after application, 
Original consistency—The determination of con- 

sistency of the original material is essential and, in the 
case of hquid asphaltic products, it is commonly as- 
certained by a test for viscosity. Some form of viscosity 
test almost invariably has been incorporated in specifica- 
tions for materials of this character. The method 
chosen for determining viscosity of highway materials 
usually has involved the use either of the Engler viscosi- 
meter or of the Saybolt-Furol viscosimeter, the test 
being made with each instrument at a variety of temper- 
atures ranging from 77° F. to 212° F. 

As has been noted, the decision to substitute the 
Saybolt-Furol test for the Engler test in the simplified 
scheme of analysis was practically unanimous and it 
was generally agreed to make the viscosity determina- 
tions at temperatures of 77° F., 122° F., and 210° F. 
The primary reason for the selection of the Say bolt- 
Furol instrument in preference to the Engler is the 
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considerably shorter time which is required for the test. 
The availability of apparatus with multiple tubes and 
an accurate, automatic temperature control are added 
advantages of the Saybolt-Furol test. 

The maximum temperature originally proposed for 
the viscosity test was 212° F. (100° C.), but this was 
changed to 210° F. 
the use of an oil bath instead of a water bath. The 
difference between the two temperatures is not par- | 
ticularly important, but the advantage, if any, gained 
by the change to 210° F. is not general, since in labora- 
tories located at altitudes much over 1 000 feet above sea 
level the oil bath must be used for either temperature. 

The viscosity, or resistance to flow, of all liquid 
bituminous materials may be decreased by raising their 
temperatures, but the decrease in viscosity per unit rise 
in temperature often varies greatly for different prod- 
ucts. Therefore, a given viscosity value at an elevated 
temperature, such as 212° F., by no means indicates the 
viscosity or consistency of the product at a more normal 
temperature. 

Consequently, it is desirable when possible to ascer- 
tain the consistency of bituminous road materials at 
what may be considered a normal temperature. Since 

° F. has been accepted generally as an average normal 
temperature, it is desirable to make the viscosity test 
at this temperature when it is possible to do so satis- 
factonly. However, many of the liquid asphaltic 
products are so highly viscous that a_ satisfactory 
determination at 77° F.can not be made. Insuch cases 
it is necessary to make the test at some elevated tem- 
perature, and this preferably should be within the range 
to which the material may be subjected in service 
subsequent to its application. A temperature of 140° 
F. represents the approximate maximum of this range. 
Many materials which are too viscous to be tested at 

° F. may be tested accurately at 122° F., and this 
test temperature, which is within the service range, has 
come into quite general use for such products. In the 
proposed simplified scheme of analysis, therefore, 77° 
F. and 122° F. were put forward as being satisfactory 
temperatures for the great bulk of products now in use. 

Some products so nearly approach the semisolid state 
in original consistency at normal temperatures that 
satisfactory viscosity tests can not be made on them 
even at a temperature of 140° F. or considerably higher. 
For such products the temperature of 210° F. has been 
adopted. As a result of further consideration of the 
matter and subsequent analysis of the cooperative test 
data, it now appears that it might be advantageous to 
eliminate determinations of viscosity at this high tem- 
perature and substitute the float test at 122° F. as a 
measure of consistency of those products which can not 
be tested for viscosity at 122° F. 

It seems highly desirable to control the consistency 
of all materials by tests at temperatures within the 
range of those encountered in service subsequent to 
application. At the present time the float test appears 
to be the only acceptable test which is satisfactory for 
such determinations when the material is too viscous 
for a viscosity test and too soft for a penetration test 
within this range of temperature. While it can not be 
translated accurately into terms of viscosity or penetra- 
tion for all types and grades of asphaltic material, 
nevertheless it gives an idea of approximate consistency 
which is far more significant than a viscosity test at 
oN bam Oe 

As has been stated previously, the viscosity at 210° 
F. or 212° F. does not indicate consistency at normal 

' practical purposes, therefore 
) ) 

to eliminate the general need for | 

temperature, and from the standpoint of the applica- 
tion of a material no record of viscosity at such an 
elevated temperature appears necessary. For all 

it is believed that the 
float test at 122° F. will be satisfactory as a measure of 
consistency of the class of materials which are too 
viscous for a viscosity test at 122° F. and too soft for 
a penetration test at 77° F. 

Ultimate consistency as representing material developed 
after application.—tIn certain types of highway con- 
struction and treatment, liquid asphaltic materials are 
used in preference to the semisolid varieties to facilitate 
their application to or manipulation with the non- 
bituminous constituents of the roadway surface. If it 
were practicable to use a much more viscous product, 
such a product frequently would be used prefer entially 
to produce without delay the results which it planned 
to secure ultimately. In other words, while not in- 
variably so, it is frequently desirable that the vise osity 
or consistency of the original material should become 
greater after it has been applied. Therefore, it is 
desirable to ascertain and properly describe in specifica- 
tions the approximate degree to which the original 
material will harden or increase in viscosity after use. 
Various tests have been used with this general purpose 
in mind, but comparatively few actually give the de- 
sired information for reasons which will be discussed 
later. Before the simplified scheme of analysis was 
proposed, these tests were carefully considered from all 
standpoints and it was concluded that the distillation 
test, with the thermometer bulb in the liquid rather 
than in the vapor phase, came nearer to giving the 
desired information than any other single test. 

A distillation test carried to an end temperature of 
680° F. has been used for some years by a number of 
the State highway departments in the testing of cut- 
back asphalts. The definition of a cut-back, which 
consists of an asphalt cement fluxed to fluid consistency 
with a volatile distillate, has been given. Such prod- 
ucts, when exposed in relatively thin films, are known 
to revert to the approximate consistency or penetra- 
tion of the original asphalt cement through loss by 
volatilization of the solvent. In order to remove the 
solvent rapidly by distillation it is necessary to carry 
the distillation to 680° F. In the case of cut-back 
asphalts, therefore, in order to determine the approxi- 
mate consistency which the original material may be 
expected to attain, after application, the material is 
distilled to 680° F. and the penetration of the residue 
remaining after distillation is taken as an indication of 
the increase in consistency which may be expected to 
occur under conditions of use. 

Since cut-back products tend to harden through the 
loss of volatile constituents which are removed as 
distillates in the distillation test, it seems reasonable to 
believe that the test is as applicable to the liquid as- 
phaltic products of other types, and that a determina- 
tion of consistency of the residue obtained from dis- 
tillation will serve as a reasonably accurate measure of 
the degree of hardening which any such product may 
be expected to undergo after application. 

The penetration test at 77° F. is a satisfactory 
measure of consistency where it can be used, but many 
of the liquid asphaltic products which have proved 
adequate for certain purposes will not yield a distilla- 
tion residue sufficiently hard to be subjected to the 
penetration test. For such residues, therefore, the 
float test at 122° F. has been included in the simplified 
scheme of analysis. This permits the rating of con- 
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sistency of residues as liquid if the float test is less than 
25 seconds; by float test if this exceeds 25 seconds and 
the penetration is more than 300; and by the penetra- 
tion test if the penetration is less than 300. 

Rate of change in consistency.—In many types of 
construction the rate of change in consistency after use 
is important and it is desirable to have a knowledge of 
the probable rapidity with which this change will ‘take 
place and also to have a means for its approximate 
control. Here again the distillation test proves superior 
to other tests which have been used, since it permits the 
determination of the percentage of volatile materials 
which distill off at temperatures intermediate between 
the initial boiling point and the final test temperature 
of 680° F. The value of the distillation test in this 
connection has already been demonstrated in its appli- 
cation to cut-back asphalts. By the proper selection 
of temperatures and corresponding percentages of 
distillate the rate of change in consistency can be con- 
trolled within reasonable and practicable limits. Prob- 
ably not more than three temperatures at properly 
spaced intervals will be required to give the necessary 
information. In the simplified scheme of analysis the 
temperatures which have been proposed are 437° F., 
600° F., and the end temperature of 680° F. These 
temperatures should be sufficient for road oils and 
slowly hardening cut-backs, but for quickly hardening 
cut-backs an additional lower temperature, possibly 
374° F., may be required. 

Amount and character of active bitumen remaining 
after application.—In addition to obtaining the change 
in consistency of a material by measuring the con- 
sistency of the residue from the distillation test and 
ascertaining the relative rapidity of the hardening 
process, the distillation. test also makes it possible, by 
recording the volume of residue, to determine the 
amount or percentage of the final product in terms of 
the original material. 

Other characteristics of the residual bitumen, in 
addition to its amount and consistency, are of interest. 
Thus, its freedom from admixture with foreign sub- 
stances can be readily obtained by the test for solubility 
in carbon disulphide, which has been included in the 
proposed scheme of analysis. It is suggested that the 
test for solubility in carbon tetrachloride may be even 
more useful since it is indicative of all the information 
furnished by the carbon disulphide test and, at the 
same time, it may assist in differentiating between 
materials produced by straight distillation or mild 
cracking and those produced by severe cracking pro- 
cesses, which may have characteristics approaching 
those of tar. 

For residues which would be classed as asphalt 
cements and which are sufficiently hard to have a 
penetration of less than 200 at 77° F. it was considered 
desirable to include, in the scheme of analysis, a test for 
ductility of the residue at 77° F. 

FLASH POINT TEST ESSENTIAL AS SAFETY MEASURE 

In addition to what are believed to be essential tests, 
one other test may legitimately be included in the 
simplified scheme of analysis, namely, the flash-point 
test. 

Certain classes of asphaltic road materials containing 
a very volatile distillate may flash at relatively low 
temperatures. The regulations of the Interstate Com- 
merce Commission governing the rail shipments of such 
materials require that the flash point be determined 
with the Tagliabue open cup and that materials which 

flash at a temperature of 80° F. or less be identified by 
a special label. Accordingly, the use of the Tagliabue 
open cup has been specified in the simplified scheme of 
analysis for materials of low flash point and the method 
of test approved by the Bureau of Explosives has been 
adopted. 

In addition to a flash point test to determine com- 
pliance with shipping regulations, it is desirable, from 
the standpoint of safety, to limit the minimum flash 
point of materials which are to be heated before appli- 
cation. For materials flashing at 175° F. or higher the 
test with the Cleveland open cup (A. 8S. T. M. standard 
method D 92-24) has been adopted. Since this 
method restricts the test to a minimum temperature of 
175° F., this temperature has been made the upper 
limit for flash point determinations with the Taghabue 
instrument. 

TESTS OF QUESTIONABLE VALUE 

We have discussed the tests included in the simplified 
scheme which are believed to be essential for defining 
desirable properties of liquid asphaltic products for 
highway use. A critical examination of other tests 
which are commonly employed in the specifications for 
such products isin order. In the 1932 series of regional 
conferences quite general agreement was reached by 
the representatives of the State highway departments 
regarding the advisability of eliminating such tests as 
specific viscosity (Engler), specific oravity, fixed carbon, 
paraffine scale, and float test on original material at 
other than 122° F., and therefore further discussion of 
these tests is unnecessary. 

Tests for asphalt content or residue of a given penetra- 
tion.—Probably no single test has become more firmly 
established in specifications for liquid asphaltic prod- 
ucts than that for the determination of percentage of 
residue of a given penetration, commonly known as the 
asphalt content of the product. <A general feeling 
seems to prevail on the part of highway chemists and 
engineers not only that the amount of such residue indi- 
cates the degree of asphaltic character possessed by the 
material, but also that in some way the actual percent- 
age of asphalt content measures the serviceability of 
such products for highway purposes. While no direct 
claim is made that if a product develops a given percent- 
age of asphalt content by this test, it will develop such 
asphalt i in place after use, the feeling prevails that in 
some way or other such is the case, and so the liquid 
asphaltic products frequently are eraded on the basis of 
their so-called asphalt content. 

The test is made by maintaining a weighed sample 
exposed to the air in an open receptacle at a tempera- 
ture of 480° to 500° F. for whatever period of time is 
required to reduce it to the specified penetration, usu- 
ally either 100 or 80 penetration at 77° F. No experi- 
mental data have ever been made available to show that 
the residue so obtained is even approximately repro- 
duced when the material is subjected to service con- 
ditions, while there are excellent reasons which indicate 
that such can not be the case except, perhaps, for cut- 
back asphalts. However, the test is not generally 
applied to cut-backs, since the distillation test has come 
to be recognized as giving much more accurate informa- 
tion relative to the probable behavior of such materials 
after application. 

The reasons why the asphalt content test does not 
give information as to the character of material devel- 
oped after application are as follows: | 

(1) It is a well-known fact that asphaltic materials, 
when subjected to the temperatures at which this test 

be 
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is conducted, are, as a rule, highly susceptible to oxi- | 
dation, and that oxidation over the period of time 
required for the test produces chemical changes which 
are not produced at the normal temperatures encoun- 
tered under ordinary service conditions. These chem- 
ical reactions result in an artificial hardening of the 
product, so that a residue which does not represent an 
actual residual constituent of the original material is 
manufactured by the test itself. 

(2) Even if the residue of given penetration actually 
existed in the original material, no service conditions 
would be sufficiently severe to develop this residue in 
place except possibly in a thin film on the highway 
surface. Thus, many liquid residual petroleums, from 
which a given percentage of asphalt of a given pene- 
tration may be obtained from distillation processes as 
conducted in a refinery, will never develop this asphalt 
as such under service conditions because the oils which 
hold the actual asphalt in solution are nonvolatile at 
ordinary atmospheric temperatures and never leave the 
asphalt residue under conditions of use. 

In view of these facts, the question at once arises 
as to what purpose an asphalt residue serves, even 
when present, if it is never allowed to develop as an 
asphalt cement. Certainly it can not develop high 
binding value because no liquid asphaltic product which 
does not harden can be shown to possess high binding 
properties any more than can any permanently liquid 
glue. Hardening is necessary to develop binding prop- 
erties and it is therefore of far greater importance to 
determine the probable change in consistency or hard- 
ening of the material after use than it is to determine 
the amount of material of a given hardness which can 
be obtained only by artificial means which are not 
duplicated by conditions of service. 

It has already been pointed out that the distillation 
test is capable of indicating the probable degree of 
hardening that the material may be expected to reach 
after application to or incorporation with the mineral 
ageregate. However, quite a few engineers and chem- 
ists, who have come to depend upon the asphalt content 
test, feel that the distillation test does not always give 
them the information which is desired because of the 
fact that many liquid asphaltic products, which will 
yield a relatively high asphalt content, often show little 
loss by distillation to 680° F. and yield a distillation 
residue which is still fluid. It has been pointed out 
that if, upon distillation, a liquid residue remains, the 
product can not be expected to develop an asphalt 
cement after application. So long as the asphalt cement 
which may exist is held permanently in solution, it 
appears to be quite immaterial what the exact percent- 
age of such asphalt cement may be. 

It would seem, therefore, that the asphalt content 
test might well be abandoned altogether for use in 
specifications, together with such tests on the resulting 
residue as are sometimes specified. In this connection, 
particular reference is made to requirements for duc- 
tility of residue of a given penetration since the physical 
properties of the residue will vary, depending upon the 
temperature at which the residue is produced and the 
length of time it is exposed to the oxidizing action of 
air at that temperature. 

Volatilization loss at 825° F. and 212° F. and tests on 
residues.—Determination of loss by volatilization at 
325° F. and consistency of the resulting residue are 
tests which originally were devised for asphalt cements 
and fluxes in connection with their use in hot asphalt 
paving mixtures. In the preparation of such mixtures 

‘laid asphalt pavements. 

the asphaltic constituents are customarily maintained 
at a temperature of approximately 325° I. over rather 
long periods of time and the mineral constituents of the 
mixture are also heated to approximately this tempera- 
ture. ‘Therefore, it is quite logical to make the tests 
on these products in connection with such use for the 
purpose of determining loss by volatilization and the 
degree of hardening that may be expected to occur 
during manipulation. 

As the use of the liquid asphaltic products was devel- 
oped for low-cost road construction, 1t became rather 
customary to utilize the volatilization test at 325° F. 
in specifying such products, merely because it had been 
used extensively in connection with materials for hot- 

Apparently no thought was 
given to the fact that many of these liquid products 
were never heated to the temperature at which the test 
was run and were, in most cases, applied to or incorpo- 
rated with unheated mineral aggregate. In reality, 
therefore, there is little excuse for applying this test to 
liquid asphaltic products except when it is intended that 
they shall be used as permanent fluxes for harder 
asphalts. 

It is true that, in the case of products which may be 
expected to increase in consistency or harden after use, 
appreciable quantities of volatile constituents are driven 
off during the test and that a determination of the con- 
sistency of residue will indicate some degree of harden- 
ing. However, the test is run at the maximum temper- 
ature for such a long period of time that it does not in 
any way reproduce service conditions. At best, no 
indication of rapidity of hardening is given by the test 
results, such as is very definitely shown in the distilla- 
tion test by the percentage of distillate obtained at 
various temperatures between the initial boiling point 
and the end-point of distillation. This fact has been 
recognized by some testing engineers who accordingly 
have utilized a volatilization test at 212° F. in addition 
to the test at 325° F. The relative difference in loss 
and in consistency of residues from the tests at these 
two temperatures tend to establish some relation 
between the rate of hardening of different products, but 
here again the information is not nearly as complete or 
reliable as that given by the distillation test. There- 
fore, it appears that all of the tests for loss by volatiliza- 
tion and tests on the consistency of the residues so 
produced could well be abandoned in favor of the 
distillation test which, at least for cut-backs, has demon- 
strated its direct relation to the behavior of the material 
after application. 

Bitumen insoluble in naphtha.—In spite of the very 
considerable amount of study which has been devoted 
to the subject, the chemical composition of asphalts is 
but little understood. Their predominating constituent 
is bitumen, which is completely soluble in carbon disul- 
phide. By treating an asphalt with a naphtha of low 
boiling point it is possible to precipitate a portion of the 
bitumen in the form of a dark brown or black powder 
which may be separated by filtration. These insoluble 
constituents have been called asphaltenes. Asphal- 
tenes are complicated mixtures of hydrocarbons, the 
exact function of which, in an asphalt, is not thoroughly 
understood. All asphalts contain such constituents, 
but the percentage varies greatly with the character of 
the naphtha, such as its gravity and range of boiling 
points. 
When asphalts from only a few individual sources 

were commercially available for highway work and 
when asphaltenes in these particular asphalts were 
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found to lie within fairly narrow quantitative limits, it 
became customary to include in specifications the test 
for bitumen insoluble in naphtha. The determination 
itself served as no direct insurance of quality of the 
product but rather as a descriptive test. 

Later, as asphalts were developed from numerous 
other sources, it became apparent that the percentage 
of asphaltenes which they contained varied within 
wide limits but that such variation had no direct | 
traceable relationship to the relative. behavior or 
serviceability of these products. Moreover, it was 
learned that the percentage of asphaltenes in an 
asphalt obtained from a given source could be increased 
materially by subjecting the material to oxidation by 
the blowing process. Since no definite relationship 
between desirable properties of an asphalt and _ its 
asphaltene content could be established, the test was 
gradually eliminated from specifications for asphalt | 
cements although, for no apparent good reason, it 1s 
still retained to a limited extent in certain specifications. 

Its application to quid asphaltic products, however, 
has become quite general in certain sections of the coun- 
try due to an opinion that in some way the percentage 
of asphaltenes indicates the asphaltic character of the 
product. It is true that those petroleum products 
which contain but little asphalt in solution show a very 
low percentage of asphaltenes, but, because of the 
tremendous variation in percentage of asphaltenes in 
satisfactory asphalts from different sources, it 1s appar- 
ent that wide variations will occur in liquid products 
which contain appreciable quantities of these asphalts 
in solution. The percentage present in a given product 
therefore can hardly be expected to indicate the suita- 
bility of the product for a given use. 
Many of the State highway departments have agreed 

to the elimination of this test from specifications, and 
it is hoped that unanimous agreement upon elimination 
will ultimately be reached. At best, the test is exceed- 
ingly inaccurate and subject to wide variations in the 
results obtained by different operators. This is due 
not only to the difficulty in standardization of the 
naphtha solvent but also to the fact that the solvent is 
constantly changing in composition through partial 
volatilization during the filtration process and the 
further fact that there is no clear end point for separa- 
tion of soluble from insoluble material. The filtrate 
shows discoloration even after prolonged washing of the 
precipitated asphaltenes on the filter bed. Probably 
no other test which has been applied to asphaltic 
products can be less easily checked by different 
operators than the test for bitumen insoluble in naphtha, 
and this fact alone should be sufficient for its eimina- 
tion from specifications. 

Test requirements for original components of blended or 
cut-back products.—In specifications for blended prod- 
ucts such as cut-back asphalts some State highway 
departments, in addition to the requirements for the 
finished product, include also detailed requirements 
both for the original asphalt cement and the original 
distillate to be used in the manufacture of the product. 
Such practice is believed to be unnecessary, since it is 
doubtful if it constitutes a better guaranty of quality 
than do properly drawn specifications for the finished 
product only. It may also be uneconomical since it 
tends to hamper the manufacturer and may eliminate 
desirable competition. 

If specifications for a cut-back product cover its 
original consistency, the consistency and character of 
its residue from the distillation test, and the rapidity 

with which it may be expected to develop this residue 
after application, it is immaterial just how it has been 
manufactured. Practically the same finished product 
often may be produced from a variety of individual 
constituents and this fact is clearly recognized in speci- 
fications for other materials, as for example, Portland 
cement, in which no attempt is made to specify the 
exact nature of the original argillaceous and caleareous 
constituents from which it is manufactured. 

In the petroleum industry the production of distillates 
is of major importance and the manufacture of cut- 
back asphalts constitutes a very small part of the 
business. In the production of these distillates, crude 
oils from a great many sources are refined by a variety 
of processes and probably no two refineries employ 
exactly the same refining processes on the same crude 
oils. Moreover, their markets for distillate products 
vary considerably, so that all do not produce the same 
standard distillates. Before many of these distillates 
are placed on the market they are subjected to expen- 
sive treatments to improve their color and odor, which 
characteristics are immaterial from the standpoint of 
use in the manufacture of cut-back asphalts. Un- 
finished distillates, therefore, are often the most eco- 
nomical to use in such highway materials, and it would 
often be impractical to rearrange refinery practice to 
produce a special specification distillate for the rela- 
tively limited use it would have for such products. 

Paving asphalts, on the other hand, have become well 
standardized products manufactured in a definite num- 
ber of grades ranging from very hard to very soft. In 
general, the only difference between these orades is the 
extent to which the original crude petroleum, from 
which they are obtained, has been distilled. In other 
words, the harder varieties may be produced from the 
softer ones by distilling off a small amount of oil from 
the latter. It follows therefore that the softer erades 
may be produced from the harder by fluxing the latter 
with a high-boiling distillate oil similar to that which 
was removed in reducing them from the softer con- 
sistency to their original degree of hardness. 

Many unfinished refinery distillates available for pro- 
ducing cut-back asphalts contain a small amount of 
high-boiling oils similar to those which would be re- 
moved in converting a soft asphalt to one of harder 
consistency. When present in a cut-back asphalt this 
portion of the original refinery distillate remains in the 
residue from the distillation test and, therefore, serves 
as a permanent flux for the asphalt cement used in the 
preparation of the cut-back. The asphalt cement re- 
covered from the distillation test is, therefore, of softer 
consistency than the asphalt originally used. 

Specifications for the finished product require that 
the residue from the distillation test shall be within 
certain limits of consistency which are considered es- 
sential from the standpoint of behavior after use. Pro- 
vided this requirement is met, it is apparent that, so far 
as the consumer is concerned, it 1s immaterial whether 
the original cut-back is made with a relatively soft as- 
phalt fluxed with a distillate which will be completely 
removed by the distillation test, or with a relatively 
hard asphalt fluxed with a distillate containing a high- 
boiling fraction which is not removed by the distillation 
test but which permanently reduces the hard asphalt 
to the consistency specified for the residue. 

These relations, which are of great importance to the 
manufacturer, are clearly illustrated in the diagram of 

(Continued on p. 104) 



THE BATCHING PLANT IN CONCRETE PAVING WORK 
By ANDREW P. ANDERSON, Highway Engineer, Division of Management, United States Bureau of Public Roads 

HE BATCHING 
which is to eltnt the hauling units with the mate- 
rials which they are to carry to the concrete mixer, 

is an essential part of the auxiliary equipment necessary 
to the efficient functioning of the customary portable 
paving outfit. In these outfits the paver or mixer is 
the key producer with which all equipment, operations 
and procedures must be properly coordinated in order 
to produce high operating efficiencies and low unit 
costs. This is due to the fact that the rate at which 
such a paving outfit can produce square yards or cubic 
yards of finished concrete pavement is definitely fixed, 
first, by the time required to pass the specified batch 
through the mixer, and, second, by the extent to w hich 
this operation can be maintained with clocklike preci- 
sion as a continuous performance. 
maintaining steady, continuous operation which is so 
difficult. 

Figure 1.—A THREE-COMPARTMENT BIN AND THE EFFEC- 
TIVE Usb oF PLANKS GREATLY REDUCES THE AMOUNT OF 
Space NEcrEssary TO HANDLE Two Sizes oF AGGREGATE 

While it is true that no matter how large or how 
well the outfit is equipped, organized, and managed, the 
rate fixed by the characteristics and requirement of the 
mixer can not be exceeded, it is equally true that no 
necessary or prescribed operation or requirement is so 
trivial or so insignificant that it can not delay or hold 
up production just as effectively as though for the time 
it were the sole essential factor. Every piece of equip- 
ment, every group or assembly, must therefore be able 
to perform its required function with the regularity and 
within the limits set by the mixer; otherwise a loss in 
production is the unescapable penalty. This applies 
with particular emphasis to the batching plant through 
which all the principal raw materials must pass. 

The three essential functions of the batching plant or 
loading yard are: (1) To receive the incoming stone or 
gravel, sand and cement, and provide for these such 
storage as may be necessary or desirable to iron out the 
fluctuations of the incoming supply so that the con- 
tinuous demands of the mixer may be met; (2) to form 
or combine these materials into unit quantities of the 
size and the proportion required for the batch at least at 
the rate and with the regularity demanded by the mixer; 
and (3) to provide for the transfer of these batches or 
unit quantities into the hauling units with the least 
possible delay or interruption to the primary function 
of the trucks, which is to transport the batched mate- 
rials from the loading yard to the mixer. 

plant, the primary purpose of | 

It is this factor of | 

The usual batching plant for supplying a 27E paver 
capable of producing at a maximum rate of from 45 to 
55 batches, or from 50 to 70 cubic yards of concrete per 
hour, consists essentially of a crane with a 1 or 14 vard 
bucket, one or two bins equipped with batch-weighing 
devices, and a cement loading platform or a cement bin, 
all generally located at a railroad siding where there is 
room for ample stockpiles; and if sack cement is used 
there must usually also be room for a cement shed with 

‘apacity of at least one day’s supply. 

Pecan 2.—Two Bins WitH Srraicut Drive THRouGH 
Srock PILES ON OPPOSITE SIDES OF TRACK. CRANE 

on A Ramp Map or Coarse AGGREGATE 
Boru. 
WORKING 

The function of the crane is to unload materials from 
ears to bins and to stockpiles and in the absence of cars 
to supply the bins from the stockpiles. It should in 
general have a capacity of not less than 1 or 1% cubic 
yards and be capable of maintaining a regular cycle of 
not to exceed 25 seconds per load from stockpile to bin 
when working on an angle of about 90°. From cars to 
bins the crane should be able to maintain an average 
cycle of not to exceed 30 seconds. Such a crane should 
easily be able to keep up with the mixer even at maxi- 
mum production if permitted to work the coarse aggre- 
gate from cars to bins. 

Table 1 shows the average rate of operation, on 10 
jobs, of cranes in good condition, equipped with 1},- 
yard buckets. 

TABLE 1.—Crane operation, unloading cars to bins —Averages for 
10 jobs —1\%4-yard bucket cranes, in good mechanical condition 

Sand Gravel 

Load bucket, seconds________ A II oe SRE c Cee Mee See ee EIS 8.3 
SWint. SOCOM GS amin teak pees tee Sey ee Gee ee eens eee Ses S07 se 68.4 
A BAbuaajopacrsc ovate esa ees oho Ree ee Ae yee Boe ek A eee DA ||) kaa | 
Return Sw ing, seconds. 2a See 60h Ci Te HO ra Soe eee 7. 7.9 

25. 6 | 26 

| L00 | 11: 
. 88 | 

1. 136 | 

a erage angle of Swine sdoepreess <2. 322 a Se le ce oe 
Average load per bucket, cubic yards__________________- Pee ae, AG hs) 

Average number buckets per cubic yard_.._-_-__-_--_--_-__- z 1.316 

Average time cranes worked, per cent, 66. 

If all of the materials must first go to the stockpiles, 
some night unloading of cars to stockpiles will probably 
be required when mixer production is high. Where 
ground conditions permit, the speed of crane operation 
can be increased considerably by working on a runway 
about 6 or 7 feet high so that the operator can see into 
the cars. Such a ramp and runway can be built up 
from coarse aggregate and used as a crane run.until the 
last day or so of paving, when the material in the ramp 
is utilized as a stockpile. 
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Occasionally the siding is so situated that one or 
more pits can readily be located beneath and to the 
yard side of the track. The materials, shipped in 
dump-bottom cars, are then dumped into these pits to 
be taken by either a belt conveyor or the crane to the 
bins or stock piles as required. This method saves 
some time in that the crane is not delayed by cleaning 
out the bottoms of the cars or in spotting new cars. 

If the coarse aggregate is of two sizes, a 3-compart- 
ment bin should be used. ‘Two bins will generally add 
from one-half to three-quarters minute per batch to the 
time constant of the trucks aside from increasing the 
chance for other delays to occur. The 3-compartment 
bin also has the advantage that it can generally be 
loaded by the crane more readily than the two bins 
where the layout is properly made and some convenient 
form of power unit is provided for moving the cars. 

FicurE 3.—Lack oF Room ror AMPLE Stock PILES AND 
SPECIFICATIONS REQUIRING THREE SizES OF COARSE 
AGGREGATE NECESSITATED THE Use or Two Cranns 

Moving the crane from one bin to the other usually 
consumes more time than is lost in keeping three cars 
within reach for loading into a 3-compartment bin. 
The capacity of any bin or set of bins should at least be 
sufficient for one hour’s run of the mixer. At least this 
much ready storage is necessary to absorb the probable 
minor crane delays and interruptions which might 
otherwise result in somewhat similar delays to the 
mixer. It is much cheaper to provide this amount of 
reserve storage in bins than in trucks. 

In the case of the cement, conditions are sometimes 
pen that the cement bags are loaded directly from the 

; but working wholly ‘fr om within the car is difficult 
atl usually it is preferable to construct a platform so 
that the bags can be trucked from the car and dumped 
directly from this platform on to the truck. For this 
purpose the layout must usually be studied rather 
carefully in order to place the cement platform so that 
the bags can readily be dumped from the hand trucks 
directly on to the waiting truck without any rehandling 
or moving around. To make this possible the platform 
must be about 6 inches higher than the truck body and 
so located that the trucks can readily drive very close 
along the side. Depressing the driveway is sometimes 
resorted to, but if the soil is heavy and the rainfall 
abundant this method is likely to prove a disappoint- 
ment. The alternative is tossing the bags, one at a 
time, on to the truck by hand. This ordinariy 
requires from 10 to 15 man-seconds per bag. 

The most common way of handling bulk cement at 
the present is in 2-wheeled buggies. These may be of 
either the end or bottom dumping type. This method 
requires a platform which should be long enough so 

that the unloading can proceed simultaneously from 
two railroad cars. This gives more room for the men 
to work and so increases their efficiency. For best 
results that part of the buggy track which extends from 
the platform out over the truck should be hinged at the 
platform edge and provided with a counter ‘weight so 
that the push of the advancing buggy wheels will cause 
it to lower to a horizontal position but immediately 
return to about 75° or 80° with the horizontal as soon 
as the buggy has been dumped and withdrawn. A 
canvas boot long enough to reach the aggregate in the 
truck body or to reach well into the special cement 
container should be provided. Either the canvas of 
the boot or some other material should extend high 
enough above the boot to prevent a strong wind from 
whipping up the cement as it is beg dumped. Table 
2 gives the average results of a series of stop-watch 
studies of handling bulk cement in buggies. 

TapLp 2.—Handling bulk cement in hand buggies—All time 
readings in utilized man-seconds—630 pounds of cement to each 

buggy 

Job 1 | Job 2 

Load buggy 22243. See ee ee ee ee 120. 7 134. 7 
Wheel: buggy toscales= 222. ie 0 pene Oe ee ee 15.9 12 
Weigh andladjust to proper welgitess aaa. 2. ee ae 16.4 17.8 
Wiheel, buggy: Gord tel ace ee eee ee ene 10.4 10.3 
ID) TIED (COTTA STIG LTO On YU Ce eee ee 17.8 14.7 
Returnibugey tol oad Gris tees eee ee ee ee 11.3 13.6 

Motaliwtilizedman=secon Css eee ae 192.5 208. 3 

In hot weather, loading the buggies is very trying 
labor. The number of shovelers must therefore be 
sufficient to afford frequent rest periods. On fast jobs 
a total of six men are usually employed on the cement 
in addition to the weight inspector. 

The time constant of the trucks—i. e., the average 
total time spent by the truck during each round trip 
in other activities than the actual hauling of the load 
to the mixer and in returning again to the yard—is 
generally increased somewhat when bulk cement 1s 
used, the amount depending on the methods of handling 
the cement. Three rather general methods are in use 
in various sections: (1) Dumping the cement in between 
the aggregates, as, for example, coarse stone, sand, 
cement, and then second-size stone; (2) dumping cement 
on top of the batch and covering with a canvas or 
tarpaulin; and (3) carrying the cement in a special 
container on the truck. 

Of these methods the first is generally the fastest 
wherever two aggregate bins are used. The cement 
platform or cement bin is then located between the two 
aggregate bins. Taking on the cement thus requires 
no more time than when using bag cement. ‘The second 
method usually requires from 15 to 30 seconds to roll 
back and tie down the tarpaulin. A variation of this 
method is sometimes met with in which the cement is 
covered with a thin layer of sand or aggregate instead 
ofwithatarpaulin. The usual procedure is to smooth off 
the top of the load throwing the material in a heap along 
the edge so that when the cement has been dumped 
this material is available for covering. This method 
usually requires two men and a delay of from one-half 
to one minute for each single-batch truck and about 
twice that amount for a 3-batch truck. The special 
containers used for carrying bulk cement are far from 
standardized. The time required to load them there- 
fore varies with different types. In general, about 
25 to 45 seconds are required for loading the cement 
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Fieure 4.—Hanpiineg BuLK CEMENT: 
A.—THINGS TO BE AVOIDED IN HanpuLING BuLK CEMENT: PLATFORM ONntLY Lona Enoucu For 1 Car; No Boot to 

PREVENT BLOWING OR SPILLING OF CEMENT; 3-BAatcH Trucks But Room Onty to Dump 1 Buacy AT A TIME 
B.—GRowUND CONDITIONS ARE SOMETIMES SUCH THAT A CONVENIENT Layout 1s IMPOSSIBLE 
C.—TuHE LoapING PLATFORM FOR BULK CEMENT SHOULD ALWAYS BE LONG ENouGH To PERMIT WoRK IN 2 
D.—A WorRKMANLIKE CEMENT PLATFORM, 

PROTECTION AGAINST BLOWING AND SPILLING 
E. Two Men Dumpinc CEMENT BuGGIES SIMULTANEOUSLY. 

oF BuLK CEMENT IN FROM 7 TO 714 SECONDS 
F.—A Buk CEMENT Batcuoine PLANT. 

for each batch. Figures 5, A and 5, B show the layout 
for two yards using two bins and bulk cement. Figure 
5, C shows an extremely simple layout for a batching 
plant using one size coarse aggregate and bag cement. 
Table 3 gives the yard time constants for these three 
layouts. 

Storage of bag cement sufficient for at least one day’s 
run should always be provided unless prompt car ar- 
rivals can be guaranteed. For a fast job this will 
ordinarily require a shed or platform having a floor 
area of about 550 square feet. Usually the storage is 
in the form of a shed forming a part of the regular load- 
ing platform so that the bags can readily be shifted by 
hand trucks from the ear to the shed for storage and 
again, when necessary, from the shed to the batch trucks. 

Wuicu Permits EFFICIENT OPERATION OF THE BUGGIES AND 
CARS 

AFFORDS AMPLE 

On Tuis Jos 2 -Batcu Trucks RECEIVED THEIR SUPPLY 

On Tuts JoB THE CEMENT WAS DELIVERED BY TRUCKS DIRECT FROM THE MILL 

Equipment for the mechanical handling of bulk 
cement is used by many contractors. It would seem 
desirable that the size of the bin used with these plants 
be enlarged so as to provide sufficient capacity for one 
full day’s run of cement and thus do away with the 
necessity of using bag cement as emergency storage. 
The bin should also be erected so as to permit a drive 
straight through and thus help to keep down the time 
constant or loading time of the batch trucks. The 
following tabulation gives the average operating char- 
acteristics of a typical cement-loading plant. 

Seconds 

Hillvcem enor O pi Gleam te: aaa ee ae ee Be 2 
DUM pReEemMen in tonOvull Chee peer a lee ee ee eye 10. 5 

AVC a0 Or CV CleMas ae Saeed fae ee kee Diet 
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TaBLE 3.—Yard time constants, in seconds, for layouts shown in 
Figure 5 

Layout A Layout B Layout 

C: 2- 
Item | | batch 

1-batch |2-batch |1-batch |2-batch | trucks 
trucks | trucks | trucks | trucks 

LOading areregates. 22 22s. ee eee eee 10 68 11 70 20 
Loading bulk cement and adjusting tar- 

paulins:. 2240p a eee ee ee eee 33 40 33 py | eee = 
Loading Dag Cement. sens ote se ee | eee oll eee ee | renee eee eee as 37 
Drivins Within vardeeoe a= oe eae eee 90 110 51 59 i 
Raming and Dackingesses eee eae 74 97 22 30) | Sesees 22 
Fixing batch boards...-...-.--- yee | ee LS eee LO eee a 
"Poth Nes, yard CONSUAN Unease aes 207 333 117 231 135 
Average Walts snd delays: 2 oe eserse sere a eee ea eee as] Seen | een ee oe 15 
Total SLOSS VarG COSTA: mea ee ee eee | ee ene | eee ee ee ee ee eee 150 
Driving distance within yard, in feet___--- 800, 800 875 875 250 

The hopper could always be filled while the trucks 
were being exchanged so that the average time the 
3-batch trucks required for taking on the cement was 
73 seconds. 

The loading yard must provide for the shortest and 
most direct possible routing of the trucks through the 
yard so as to detain each one as little as possible; but, 
above all, the yard and loading plant must provide for 
the maintenance of a regular uninterrupted service. 
Each minute added to the time the truck must spend 
in the yard means a cost of from 2 to about 5 cents, 
depending on the size of the truck and the rate paid for 
drivers. This charge occurs each time a truck passes 
through the yard. Thus, if 2-batch trucks supplying 
400 batches per day to the mixer are each worth 4 cents 
a minute, and if the yard layout is such that to serve 
each truck requires an average of 2 minutes more than 
another layout would have required, then the loss is $16 
per working day so long as this yard is used, 

Costly as are the faults which increase the time re- 
quired for serving the hauling units, those faults or con- 
ditions of yard layout, arr angement, or equipment which 
contribute to the irregularity of their operation are 
more to be dreaded. Any irregular delay to the trucks 
at the loading plant is also likely to be imposed on the 
mixer, and mixer delays are far more expensive. While 
a recular loss of truck time costs anywhere from 2 to 5 
cents per minute, delays to the mixer entail a cost of 
about 75 cents or even $1 per minute. 

Such losses are not to be looked upon lightly. In 
fact, an occasional delay averaging only one minute 
each hour to the mixer is likely to be as expensive as a 
regularly occurring delay of one minute to each truck 
loaded out of the yard. The first and most essential 
oeiee of the material plant must therefore be to 
facilitate regular, continuous operation of the hauling 
units well within the time intervals set by the mixer. 

The yard layout should therefore be such that, first 
of all, regular, continuous service can be readily main- 
tained ; second, that each hauling unit will be detained 
in the yard the shortest possible time interval in obtain- 
ing its load on each trip; and, third, that no regular 
single sh in the yard will exceed a period equal to the 
leneth of the mixing cycle multiplied by the number of 
batches carried by the truck. Otherwise, the yard 
instead of the mixer becomes the pacemaker. 

Care should be taken to arrange the routing of the 
trucks through the yard so that there will be no inter- 
ference between the various units. Since continuity 
and regularity of service are the prime essentials, con- 
siderable thought should be given to the location and 
maintenance of the road or drivew ay through the yard. 
The development of mudholes in which trucks might get 

stuck or of chuck holes endangering springs or parts, 
can not be tolerated, for a stuck or disabled truck 
generally means a delay to the mixer representing a 
loss of from 75 cents to a dollar per minute, despite the 
fact that the delay to the truck itself means the loss 
of only a few cents per minute. Thus, a long or slow 
passage through the material yard, so long as there is 
nothing to prevent orderly and regular progress, is not 
so serious. Even the worst yard condition of this kind 
would probably not mean more than one additional 
large truck or about $25 per day. On the other hand, 
three 10-minute mixer delays during the course of the 
day will probably exceed this loss. 

As examples of the actual effect yard layout and 
management have in determining the length of time 
required for each vehicle to take on its load and pass 
through the yard, 24 rather typical jobs were selected, 
one half having a fairly good yard layout and able 
management and the other half with poor yard layouts 
and only fair to poor management. In this selection 
jobs using 1, 2, 3, and 4 batch trucks were all repre- 
sented by 6 jobs for each size, one-half of which were 
good, well-managed layouts and the others inferior, 
poorly-managed layouts. These are given in Table 4, 
together with a comparison, for the same items, of the 
average values from over a hundred paving jobs having 
all kinds of layouts and grades of management. 

It will be noted that the time differential in favor of 
the good as against the poor layout averages about 
4 minutes, while the good layouts also show a differ- 
ential of from about 1 to nearly 3 minutes below 
that of the average yard constant for all jobs. These 
are items too large to be ignored, as they may readily 
mean an unnecessary but permanent addition to the 
hauling equipment of at least the equivalent of one 
3-batch truck. 

Effect of yard layout and management on magnitude of 
tame constant 

GOOD YARD LAYOUT AND ABLE MANAGEMENT 

Number of studies averaged____--.-__----_ 3 3 3 3 
Size of trucks. === a ace eee eee 1-batch. | 2-batch. | 3-batch. | 4-batch. 
TWOaGragere sates a= =e es eee seconds_- 10 38 70 98 
JpKoysyelaepoaYeva ayer es 2 eo Be GO 12 29 54 84 
Drive and am An OU Ol ae ee dom 48 65 87 62 

Total net yard constant_______ doue=s 70 132 211 244 

AVERAGE YARD LAYOUT AND MANAGEMENT 1 

SIZS OL CrUCKSEG = oe eae tet ee eee ner 1-batch. | 2-batch. | 3-batch. | 4-batch. 
MOsGtAS oT Ora Cle penne ae seconds_. 15 59 114 190 
i broyeKolxeresaakevann JON eo ee Gloj--- 28 80 106 110 
Drive and maneuver_-_-_------------- doze 81 99 102 100 

Total net yard constant_______ (6Koye 124 238 322 400 

POOR YARD LAYOUT AND SLACK MANAGEMENT 

Number of studies averaged __.-------_---- 3 3 3 3 
Size OGiMUCKS y= - see cee aire tee Seen 1-batch. | 2-batch. | 3-batch. | 4-batch. 
DORMS eee Atel. se wee eee eee seconds-_- 33 91 163 196 
voadicement Da gs es seme ees oe eee does 51 89 118 148 
Drive and Maney ers see nes done 210 218 193 132 

Total net yard constant_______ Gouece 294 398 474 476 

1 Average values for more than 100 jobs. 

Every maneuver or operation within the yard requires 
time. To complete the usual 90° turn and back the 
truck under the bins ordinarily consumes from 20 to 30 
seconds. With good batching facilities the actual 
standing time for a truck in taking on one batch of sand 
and coarse aggregate may regularly be as low as 10 
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C. CONVENIENT YARD LAYOUT FOR ONE SIZE OF COARSE AGGREGATE AND BAG CEMENT 

Figure 5.—EXAMPLES OF YARD Layouts 

seconds and need rarely exceed 20 seconds. The time 
required for multiple-batch trucks is much longer, so 
that from 20 to 40 seconds will usually have to be added 
for each additional batch. The use of two bins instead 
of one for loading the sand and aggregates is therefore 
found to increase the yard time constant of the trucks 
about 40 to 50 seconds for the 1-batch trucks, 75 to 90 

seconds for 2-batch trucks, and from about 100 to 125 
seconds for the 3-batch trucks under fair to good man- 
agement and operating conditions when it is necessary 
to back under the bin. If the drive is straight through 
these figures can generally be reduced by from 20 to 
40 seconds. This extra time for taking on the subse- 
quent batches is due to the fact that the first batch can 
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ordinarily -be weighed out in the hopper and made 
ready to dump while the truck is coming in. But 
after this first batch is dumped the truck “must then 
wait while the following batch is weighed out, which 
ordinarily requires from 20 to 30 seconds provided the 
sand flows readily. 

Driving speed within the yard is, of course, low, 
seldom more than an average of 250 to 400 feet per 
minute. The average yard seems to have a yard loop 
or circuit which requires about 1% minutes for the 
actual driving. The variation of individual yards from 
this average, however, is very large. The length of 
the yard circuit varies greatly while the driving condi- 
tions vary even more. Yards have thus been found 
which had a driving time as low as 35 seconds and others 
as high as 5 minutes. The importance of reducing the 
length of the driving circuit and improving the condi- 
tion of the road should be apparent. 

In a large contract there is often a possible choice of 
two or more locations for the loading plant. The ques- 
tion, then, arises as to whether to build entirely from 
one plant set-up or move to another as the work pro- 
gresses. The cost of hauling of course varies as the 
length of haul plus the loading and unloading costs. 
But, to the concrete-paving contractor, the factor of 
regularity in the operation of the hauling units is of 
utmost importance. Thus, short hauls employing less 
vehicles are usually easier to organize into a smooth- 
functioning unit. While some surplus must always be 
maintained as insurance, the chance that this surplus 
will prove inadequate is always greater on the long 
hauls. 

To ascertain the proper plant location and whether 
more than one should be used requires a knowledge of 
both hauling costs and the cost of dismantling, moving, 
and again assembling the plant at the new location. 
The cost of the hauling can be forecast with consider- 
able accuracy provided the rental rates or rental value, 
the operating characteristics of the trucks which are 
to do the hauling, and the conditions under which the 
hauling is to be ‘done are known. Of these, the oper- 
ating characteristics are the most important as well as 
generally the most diffcult to forecast, since they 
depend largely on both the yard layout. and road or 
hauling conditions as well as the efficiency of the 
management. However, for any given job these factors 
can all be determined within reasonable limits by means 
of actual observations. 

Having these data the following rather simple 
formula is suggested for forecasting the probable cost 
of hauling the batches for all or any desired part of the 
contract. If the cross section of the slab is not con- 
stant each portion so varied may be taken as a separate 
unit and the total cost will then be the sum of the 
several sections. The formula is as follows: 

C 5 
60N ie (L,4 1.) |W haar sy eke 

Where K=the cost of the one for section (2, — La). 
O=the hourly cost or rental value for the size 

and type of truck to be used. 
N-=the number of batches carried per load, or 

if tons per load W is also given in tons. 
7T’= the total truck constant or average time the 

truck spends each trip at the mixer and 
in the yard, including all necessary and 
regular delays, in minutes. 

S=the average actual round-trip speed in miles 
per hour while the truck is on the road. 

i 

f,=the dead-haul or hauling distance in miles 
from batcher plant to beginning of con- 
crete slab being laid. 

L .=the total length of haul in miles from batcher 
plant to end of the section under consid- 
eration. 

W =the total number of batches (or tons if N is 
given in tons per load) to be hauled for 
the section under consideration. If the 
cross section is not uniform a separate 
computation should be made for each dis- 
tance involving a changed section length. 

With a slight modification this formula can also be 
used for forecasting the cost of hauling per batch-mile 
or per ton-mile, or the total cost of hauling a batch or a 
ton any given ‘distance, L. The cost of hauling per 
batch-mile or ton-mile is given by the expression, 

(OP IES AAD) 

B =an(zt S ) 
and the total cost of hauling a batch the distance L is 
given by the expression, 

C 120 D=55n T+*yL) 

in which B=the cost of hauling per batch-mile when 
N is batches per load or per ton-mile 
when JN is tons per load. 

D=the total cost of hauling a batch or ton 
the distance L. 

L=the actual length of haul, including dead 
haul. 

All other factors are the same as in formula 1. 
In determining whether or not the hauling should 

actually be done from two or more yards instead of 
from one, the following points should also be given care- 
ful consideration in addition to the solution of the cost 
of the haul itself: 

1. The cost of moving and setting up on the new 
location. 

2. The cost of materials laid down at the new yard. 
3. Track and switching facilities at the new yard. 
4. Adaptability of the available space for a yard 

one 
5. Hauling and traffic conditions from the proposed 

location. 
6. Probable time constant for new yard and yard 

operation cost. 
Each of these items may have a very definite bearing 

on whether the move should or should not be made; 
yet, each case is likely to have so many special condi- 
tions that general rules are apt to prove of little value. 
Thus the actual total cost of making the move and get- 
ting ready to operate from a second location only 5 or 
10 miles distant may readily vary from $500 to $5,000, 
while the actual time the paving work will be down 
may vary from one day to more than a week. No 
simple rule, such as the stipulation that if the haul can 
be reduced by some given amount a second yard should 
be used, will suffice to meet the varying conditions. 
very case must be carefully investigated. Such items 
as freight rates, land rentals, switching and track facili- 
ties, as well as reliablity of delivery of materials are 
seldom the same for any two possible locations and may 
be sufficient to overbalance any possible saving from 
the shorter haul. The second location, for example, 
may be on a different railroad, so that the freight rates 
may be either higher or lower by a conaider a e ‘amount; 

ee « 
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or, again, the rates may be the same, but the new loca- 
tion may involve the transfer of the cars in transit from 
one system to another at some point where exchanges 
are more or less infrequent and therefore likely to make 
delivery slow and irregular. Such a location would be 
undesirable unless space were available for more than 
normal stock piling. 

Sometimes siding facilities are inadequate, especially | 
when two or more sizes of coarse aggregate are required. 
The installation of an additional spur is usually rather | 
expensive. The work involved in providing a satis- 
factory driveway, as well as suitable locations for the 
bins, cement platform and storage shed, and stock-piles 
is seldom the same in any two cases. Careful advance 
investigation will nearly always produce the data from 
which the cost and time required for developing the new 
location can be estimated with reasonable accuracy. 

Another item which must not be overlooked is that 
of traffic conditions in connection with the new yard. 
Congested highway traffic is always bad in that it 
limits speed and tends toward irregularity. Railroad 
grade crossings over main lines carrying heavy traffic 
are always dangerous, while those over freight-passing 
sidings are apt to occasion frequent and sometimes 
long delays. Conditions have been found where as 
many as two extra 3-batch trucks and a crossing watch- 
man were required to prevent serious delays to the 
mixer. This is equivalent to a tax of 12 to 15 cents on 
every batch handled from such a yard when production 
is high, and correspondingly more when production 
is low. 

In general, we find that for any influence which in- 
creases the truck time constant the capacity of the 
hauling equipment must be increased one batch for 
each mixing cycle added to the length of the time con- 
stant. Thus, if the regular mixing cycle is 1); minutes, 
then an increase of 2}; minutes in the time constant on a 
job using 2-batch trucks will require the full time addi- 
tion to the hauling equipment of one additional 2-batch 
truck of the same type and speed as those used on 
the job. 

The actual process of determining whether a second 
yard should or should not be used for any particular 
job might be illustrated as follows: Contractor A has a 
job 7 miles in length which will require 2,000 batches 
per mile. One end of the job is a half-mile from the 
siding where the materials plant can be located with 
ample room for storage. A second siding where an 
equally advantageous yard can be located and where 
hauling conditions are similar to the first, is 2} miles 
beyond the far end of the road. The question before 
the contractor is whether or not the saving in hauling 
costs from two set-ups will exceed the cost of making 
the move. The contractor, after examining the pro- 
posed location and securing data as to freight rates, 
ground rentals, etc., makes his estimates about as 
follows. 

He is using 3-batch trucks which are costing him at 
the rate of $3 per hour. For this location these trucks 
will have a time constant of about 10.5 minutes and 
maintain an average round-trip speed of 20 miles per 
hour, which is the same as at the present yard. Freight 
rates and switching charges happen to be the same for 
both sidings. The cost of moving the yard and making 
the new set-up will require two working days. His 
straight-time pay roll amounts to $65 a day, and about 

$60 a day for additional labor will be required during 
the two days of moving and setting up at the second 
yard, making the direct labor cost $250. After allowing 
for salvage value of lumber at the old yard, the cost of 
materials and erection of the cement loading platform, 
shop, office, and storage shed will amount to $250. 
Loss of material in cleaning up base of stock piles, he 
estimates at $100. Incidental materials, gas, oil, etc., 
are placed at $100. Ground rental and miscellaneous 
items add another $100. The cost of moving the yard 
will therefore be $800, aside from the loss of two working 
pee and a temporary disorganization of his working 
orce. 

Figure 6.—Tuer Use or Heravy TRAILERS SOMETIMES 
Facruirates THE Movine or Heavy EQUIPMENT 

Against this cost he must balance the possible saving 
to be secured from a reduced hauling distance for 2} 
miles of the contract, so that his maximum haul, in- 
stead of 74 miles from the one set-up, will be only 
5 miles from each of the two set-ups. Substituting the 
above data in formula No. 1, we find that the probable 
cost for hauling the entire job from the first yard would 
be $8,050, while the cost of hauling for 4% miles from 
the first and 24 miles of the job from the second yard 
would be $6,800, a margin of $1,250 in favor of using 
the two yards. Since he finds that the cost of making 
this move would probable not exceed $800, the move 
in this case is justified. 

The many and variable factors which enter into 
batcher plant operation make the drawing of general 
conclusions very difficult and generally impossible. An 
analysis of the data secured by means of detailed stop- 
watch studies on more than a hundred going jobs all 
serve to direct attention to this one feature: That the 
attainment of low unit costs in handling, batching, and 
hauling the materials which enter into our concrete 
roads is not a matter of chance or of luck, but the result 
of careful advance planning and constant supervision 
by an able and alert management. 

INDEX TO VOLUME 12 OF PUBLIC ROADS 
AVAILABLE 

An index to volume 12 of Pusiic Roaps, which includes the 
issues from March, 1931, to February, 1932, is now available for 
distribution, and copies may be obtained from the Bureau of 
Public Roads, United States Department of Agriculture, Wash- 
ington, D. C. Indexes to volumes 6, 7, 8, 9, 10, and 11 have 
previously been published, and a supply of these indexes is still 
on hand. 



CONNECTICUT AVENUE EXPERIMENTAL ROAD NOW 
20 YEARS OLD 

HE CONNECTICUT Avenue experimental road, 
extending from Chevy Chase Circle to Chevy 
Chase Lake in Montgomery County, Md., was 

built during the years 1911, 1912, and 1913 by the 
Bureau of Public Roads. The road was constructed as 
two separate projects, the dividing line being at Bradley 
Lane. South of that point sections were constructed 
of water-bound macadam with subsequent bituminous 
surface treatment and also sections of bituminous 
macadam. North of Bradley Lane the sections con- 
sisted of Portland cement concrete and of bituminous 
concrete and brick on Portland cement concrete found- 
ation. 

All of these experimental sections are now either 19, 
20, or 21 years old and all are in service under a heavy 
traffic. Beginning with the present issue a series of 
photographs is to be published on the cover of Pusiic 
Roaps showing sections of the various types of con- 
struction immediately after completion and_ their 
appearance to-day after the lapse of 20 years. 

The section chosen for this issue is a portion of experi- 
ment 3, which is composed of penetration bituminous 

|} macadam in which a fluxed native asphalt was used. 
This project was constructed in 1911. The photographs 
on the back cover include a construction picture and a 
view of the finished pavement several months after 
completion. The front cover shows its present con- 
dition. 

The initial cost of this section of bituminous macadam 
was 64.69 cents per square yard. In 1918 a surface 
treatment costing 20.84 cents per square yard was 
applied. Maintenance costs prior to 1918 totaled 1.44 
cents per square yard. Since 1918 a total of 9.62 cents 
per square yard has been spent for maintenance. The 
traffic has been increasing steadily since the road was 
built, and in 1931 reached an average density of over 
4,000 vehicles per day. 

It is recognized that there are many other roads in 
the country which have reached an age of 20 years or 
more. The bureau would be glad to receive from the 
readers of Pusitc Roaps descriptions, with photo- 
graphs, of road surfaces which have stood the test of 
time. 

(Continued from p, 96) 

Figure 1. This shows how dissimilar asphalts and dis- 
tillates may be combined to produce finished cut-back 
products of identical character and demonstrates why 
the consumer should not attempt to control the charac- 
teristics of the original components of a cut-back or 
blended product. 

HARD ASPHALT DISTILLATE CUT-BACK ASPHALT 

a) as = ik 2 } Gans a WD, 
HARD HIGH BOILING OILS VOLATILE ASPHALT RESIDUE 

hs emery Ph Wi 
DISTILLATE CUT-BACK ASPHALT 

DISTILLATE 

(2) £ 
SOFT ASPHALT 

Fiaure 1.—Di1acram SHowine How Cur-Backs or IDENTICAL 
CHARACTER May Be Formep From DisstmitarR ASPHALTS 
AND DISTILLATES 

CONCLUSION 

The liquid asphaltic road materials which are 
involved in this cooperative undertaking are manu- 
factured and sold by a great number of producing 
companies which, from the commercial standpoint, 
may not always have a common interest. They are 
furnished in vast quantities, in a number of grades and 
for varied purposes, to practically every State and are 
required to meet specifications which, to a great extent, 
are peculiar to the individual State and have been 
developed by the State as a result of its own experience. 
When one considers the conflicting interests and the 
varied opinions which exist; the general acceptance of 
the many tests which have been in long-continued and 
unquestioned use; and the somewhat violent challenge 
to current practice which is contained in the proposed 
simplified scheme of analysis, the degree of approval 
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which has been given it after only a year of study, and 
the degree to which tests outside its scope have been 
eliminated, may be considered to be truly remarkable. 
This accomplishment would not have been possible 
without the wholehearted cooperation which has been 
given by the manufacturers and the State highway 
departments. That all have contributed so generously 
to the work is evidence of the keen appreciation that 
drastic changes in present practice are to be desired. 
Much remains to be accomplished before the desired 

degree of simplification and standardization of a 
common scheme of analysis can be effected, and beyond 
this there is the further need of agreement regarding 
specification test limits which will establish a series of 
standard grades of material for the various types of 
construction. The progress which has been made 
gives promise of ultimate success in securing the needed 
improvements in existing practice. 

CORRECTIONS 

Vol. 13, No. 2, April, 1932.—In the article entitled ‘‘The 
Resistance of Concrete to Frost Action,’ page 35, it was 
erroneously stated that aggregate No. 5 was a gravel from 
Millville, N. J. This gravel was obtained from. Farming- 
dale, Monmouth County, N. J. 

Vol. 13, No. 3, May, 1932.—In the article entitled 
‘““Concrete Pavement Design Features, 1931,” the table on 
page 50 gives the width of concrete pavement on projects 
submitted by the State of Washington as 18 feet. The 
standard width in Washington is 20 feet. Out of 67 miles of 
concrete paving on Federal-aid projects submitted by this 
State during 1931, there were 63% miles of 20-foot pavement 
and 3) miles of 18-foot pavement. 
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ConNnEctTicuT AVENUE EXPERIMENTAL Roap, CHbvy CHAsn, Mp., NovempBer, 1911, SHowrna APPLICATION OF SEAL Coat 
IN THE FOREGROUND AND FINISHED BirumiInous MacapAm Roapb IN THE DISTANCE 

SurRFACE ConpiTion oF Biruminous MAcADAM SEcTION IN May, 1912. THe PHOTOGRAPH ON THE FRONT COVER WAS 
TAKEN AT THE SAME LOCATION 

U. S. GOVERNMENT PRINTING OFFICE: 1932 
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